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bDiagnostic Imaging Department, Queen Elizabeth II Health Sciences Center, Victoria General Site, Halifax, Nova Scotia, CanadaAbstractPurpose: To identify subspecialty fields in Canadian academic radiology departments that are at risk for future manpower shortages. To
determine reasons for the potential shortages and suggest potential solutions.
Methods: An anonymous online survey was sent by e-mail to radiology residents and academic radiology department heads in Canada. The
survey was open from April 1 to August 1, 2006. Statistical analysis by using the SAS Frequency Procedure was performed on the results.
Results: Interventional radiology, neuroradiology, mammography, cardiac imaging, and pediatric radiology were identified as areas in which
there will be increasing workforce demands. Mammography, pediatric radiology, and cardiac imaging were identified as areas in which there
will be a potential decrease in supply. Of the residents, 65.83% intended on pursuing subspecialty training. Priorities were interesting work,
job availability, and work schedule. Nuclear medicine, mammography, pediatric radiology, and interventional radiology were identified as the
top 4 areas in which residents specifically did not want to pursue further subspecialty training. Only 15% of resident respondents received
career counseling during residency, and only 50% of those residents thought it was adequate.
Conclusions: Our survey results indicate that mammography, cardiac imaging, and pediatric radiology are at risk for manpower shortages,
and interventional radiology may be at risk. Increased efforts to recruit trainees may be necessary to ensure that these subspecialties maintain
their presence in the future. Only 15% of the surveyed residents received career counseling during residency. This is a relatively untapped
forum that academic staff could use to help recruit new trainees into these underserved subspecialties.Re´sume´Objectif: Cerner les domaines de sous-spe´cialite´ qui risquent de connaıˆtre des pe´nuries de main-d’œuvre dans les services de radiologie des
hoˆpitaux universitaires canadiens. De´terminer les raisons des pe´nuries potentielles et sugge´rer des solutions possibles.
Me´thodes: Un sondage anonyme en ligne a e´te´ envoye´ par courriel aux re´sidents en radiologie et aux chefs de services de radiologie
d’hoˆpitaux universitaires canadiens. Les participants devaient re´pondre au sondage entre le 1er avril et le 1er aouˆt 2006. Les re´sultats ont e´te´
soumis a` une analyse statistique a` l’aide de la proce´dure SAS de fre´quence.
Re´sultats: La radiologie interventionnelle, la neuroradiologie, la mammographie, l’imagerie cardiaque et la radiope´diatrie sont les domaines
qui afficheront une demande de main-d’œuvre accrue. La mammographie, la radiope´diatrie et l’imagerie cardiaque sont des domaines qui
pourraient connaıˆtre une perte de main-d’œuvre. Parmi les re´sidents, 65,83 % avaient l’intention de poursuivre leur formation dans une sous-
spe´cialite´. Ils fondaient leur choix en priorite´ sur leur inte´reˆt pour le travail, la disponibilite´ des emplois et les horaires de travail. La me´decine
nucle´aire, la mammographie, la radiope´diatrie et la radiologie interventionnelle sont les quatre principales sous-spe´cialite´s dans lesquelles les
re´sidents ont expresse´ment indique´ ne pas vouloir poursuivre leur formation. Seulement 15 % des re´sidents ont re´pondu avoir rec¸u une
information professionnelle au cours de leur re´sidence et, de ce nombre, la moitie´ conside´raient cette orientation comme approprie´e.
Conclusions: Les re´sultats de notre enqueˆte re´ve`lent que la mammographie, l’imagerie cardiaque et la radiope´diatrie sont a` risque de
connaıˆtre des pe´nuries de main-d’œuvre, et que la radiologie interventionnelle pourrait subir le meˆme sort. Il pourrait eˆtre ne´cessaire
d’intensifier les efforts de recrutement de stagiaires si l’on veut maintenir l’existence de ces sous-spe´cialite´s. Seuls 15 % des re´sidents
interroge´s ont rec¸u une orientation professionnelle au cours de leur re´sidence. Il s’agit d’une tribune relativement peu exploite´e que le* Address for correspondence: Jo Yazer, MD, Resident, Diagnostic Imaging
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experienced exponential growth in technology, and radiolo-
gists can now offer unprecedented imaging capabilities in
disease detection as well as management [1]. As a result,
clinicians are becoming increasingly reliant on diagnostic
imaging to guide patient care. This rapidly escalating
demand for radiology studies is placing strain not only on the
health care system but also on service providers, particularly
radiologists and technologists [1].
Studies in the United States have already shown that
certain subspecialties, such as mammography and interven-
tional radiology, are suffering from fellowship recruitment
problems and are thus at risk for expert radiologist shortages
[2,3]. With the exception of a single study that looked at
interventional radiology [4], there are no published Canadian
data that examined this issue. This research project surveyed
radiology residents at all levels of training to identify their
perspective on, and plans for, future subspecialization. In
addition, radiology department chairs (RDC) were surveyed
to identify their perspective on the future needs in subspe-
cialty areas. This study aimed to identify subspecialty radi-
ology fields in Canada that are at increased risk for decreased
representation in fellowship candidates and, indirectly, future
manpower shortages. By identifying trainee career plans and
RDCs perceived subspecialty deficiencies, this study aimed
to provide data to help facilitate proactive measures to
minimize potential gaps in radiology service delivery in the
future.
Methods
A total of 286 radiology residents and 16 RDCs were
invited to participate in an anonymous on-line survey. We did
not include nonacademic centers. The survey was open for 2
months, with invitations to participate, and 3 subsequent
reminders were sent 2, 5, and 7 weeks after the initial date of
distribution. Analysis of the data was descriptive, with
frequency tables and plots to highlight survey results.
A donation to the resident’s library fund was offered as an
incentive to the programs with the highest and secondFigure 1. Respondent demographics: residents.highest survey return rate. The funding for this reward was
provided by several vendors, none of whom were identified
during the survey procedure. The vendors have no input into
the results or interpretation of this study. The participating
vendors were Philips, Boston Scientific, and Bard.
Results
A total of 120 residents completed the survey, which gave
a response rate of 42%. Of the 16 department heads, 9
completed the survey with a response rate of 56%.Resident DemographicsOf the residents who responded, 71 (59.2%) were men
and 49 were women (40.8%), with training levels that ranged
from post graduate years 1e5. The majority were in their
second and third years of residency training, with 35% in
their 4th and 5th years of training; 92.5% were trained in
Canadian medical schools and 80.83% intended to continue
practicing in Canada after residency; 65.83% intended toFigure 2. Respondent demographics: radiology department chairs.
Figure 3. Resident’s plans for future subspecialty training.
Figure 5. Pursuing subspecialty training by sex.
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of the questionnaire; 49.17% of residents expressed interest
in working in academic centers and 50.83% in the commu-
nity (Figure 1).Radiology Department Chairs DemographicsOf the 9 RDCs who responded to the survey, 2 had <20
radiologists in their service, 3 had 20e40, and 4 had a staff
of >40. When asked about the number of staff expected to
retire in the next 10 years, 3 department heads responded <5,
3 responded 5e10, 1 answered 10e15, and 2 chose >15
(Figure 2).Planning of Subspecialty TrainingOf the 80 residents who intended to pursue further
training, abdominal and/or body imaging was the most
popular choice with 12% of residents selecting it. Interven-
tional radiology, neuroradiology, and musculoskeletal were
tied for second with 10% each. Cardiac imaging ranked low,
with only 2 residents planning to pursue further training in
this field. Mammography and/or women’s imaging and
pediatric radiology were the most unpopular choices, with
only 1 resident choosing to pursue each subspecialty. In
addition, the 1 resident who expressed interest in training in
mammography was also planning to work outside of Canada
(Figures 3e6).Figure 4. Pursuing subspecialty training by PGY level.Radiology Resident Perspectives on Rotations During
Their TrainingOf the respondents, 28% identified gastrointestinal and/or
barium studies as their least favorite rotation during resi-
dency training. Second and third least favorites were nuclear
medicine (18%) and mammography (16%). Interventional
radiology was fourth at 9%.
When asked what specialties respondents would specifi-
cally not want to pursue further training in, 64% chose
nuclear medicine, 58% mammography, 52% pediatric radi-
ology, and 47% interventional radiology. The following
reasons for not wanting to pursue further training in these
fields were found to have statistically significant correlation
(Table 1).Ranking of Factors Influencing Career Choices by
Radiology ResidentsResidents were asked to rank different factors for career
planning by level of importance (1 being the most important
and 8 the least important). Those factors that ranked highly
(the majority of results in the top 3) were the following:
interesting work (93.34%), job availability (55.83%), and
work hours and/or on call schedule (55.83%) (Figure 7).
Those that were ranked lower on the ratings scale were
administrative and departmental issues, research opportuni-
ties, and minimizing radiation exposure (Figure 8).Figure 6. Pursuing subspecialty training by country of intention to practice.
Table 1
Reasons for decreased interest in the least desirable subspecialty areas
Subspecialty
Reason for not wanting
to pursue training in
this field P value
Nuclear medicine Too stressful .0083
Mammography Not an interesting field .0013
Pediatrics Poor remuneration .0267
Interventional radiology Not an interesting field .0029
Too stressful <.0001
Increased radiation exposure <.0001
Workplace hazards <.0001
Undesirable lifestyle <.0001
Figure 8. Bottom 3 factors in choosing a subspecialty by ranking (1e8).
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specialty areas with current manpower shortages. In addition,
both staff and residents were asked, ‘‘If current trends
continue, what specialties do you foresee as being at risk for
manpower shortages in the next 5 years? 10 years?’’
All areas of radiologic subspecialties were experiencing
manpower shortages in all the departments that were polled.
Those areas experiencing the highest shortages were neuro-
radiology, mammography, interventional radiology, abdom-
inal/body, and cardiac imaging. On the lower end are
musculoskeletal, magnetic resonance imaging, thoracic
imaging, nuclear medicine, and pediatric radiology (Figure 9).
Differences were identified in the perceived subspecialty
fields between the RDCs and the residents (Figures 10 and
11). Both perceive shortages in all areas, with the excep-
tion that RDCs do not believe that there will be shortages in
nuclear medicine and magnetic resonance imaging in the
next 5 years. In addition, in all cases, RDCs perceived greater
shortages than the residents (Table 2).Career Counseling During Resident TrainingOf the 120 resident respondents, only 18 had identified
receiving career counseling during residency. Of those 18,
only 7 identified that their training was adequate (Figures 12Figure 7. Top 3 factors in choosing a subspecialty by ranking (1e8).and 13). The types of counseling provided are outlined in
Figure 14, with the majority of residents engaging in
informal discussions with their program directors. In addi-
tion, 110 of residents (91%) believed that some form of
career counseling would be a welcomed component of their
residency training.
Discussion
RDCs perceived that all subspecialty areas will consis-
tently experience manpower shortages if current trends
continue (Figures 8e10). Interventional radiology had the
strongest congruence with respect to the RDC prediction of
future shortages. Other such specialties include neuroradi-
ology and cardiac imaging.
Overall, from the 5-year to the 10-year predictions, RDCs
expect an increase in demand for all subspecialty areas. The
only exceptions to this observation are in abdominal and
thoracic imaging in which the need is expected to remain the
same over the 5-year span. The most notable increase is in
the area of mammography and women’s imaging, with 22%
of department heads predicting shortages in the next 5 years,
but this number increases to 78% in the next 10 years.
The basic economic concept of ‘‘supply versus demand’’
was applied to the survey results to identify areas of potential
subspecialty shortages. The resident subspecialty choices
represented the potential workforce ‘‘supply,’’ and the staff
projections of manpower shortages identified areas of
potential workforce ‘‘demand.’’ The 9 RDCs who responded
to this survey do not fully represent all radiology ‘‘demand’’Figure 9. Current perceived areas of subspecialty shortages: radiology
department chairs (RDC).
Figure 10. Five-year projected subspecialty shortages: radiology department
chairs (RDC) vs resident.
Table 2
Comparison between 5- and 10-year projections between residents’ and
radiology department chairs’ perspectives
% of department
heads % of residents
Subspecialty 5 y 10 y 5 y 10 y
Interventional 66.67 77.78 60 61.67
Neuroradiology 55.56 77.78 15 18.33
Cardiac 55.56 66.67 36.67 32.50
Pediatrics 44.44 66.67 34.17 36.67
Musculoskeletal 33.33 66.67 5 11.67
Abdominal and/or body 33.33 33.33 6.67 9.17
Mammography and/or
women’s imaging
22.22 77.78 36.67 40.83
Thoracic 22.22 22.22 12.5 16.67
Nuclear medicine 0 33.33 20 24.17
Magnetic resonance imaging 0 44.44 8.33 12.50
Other (unspecified) 0 0 3.33 4.17
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for identifying future workforce needs. From this informa-
tion, the following observations were made:
1. Interventional radiology, neuroradiology, mammography,
cardiac imaging, and pediatric radiology were identified
as areas in which there will be increasing workforce
demand.
2. Mammography, pediatric radiology, and cardiac imaging
were identified as areas in which there will be a potential
decrease in supply.
The top 4 areas in which residents specifically did not
want to pursue further training were nuclear medicine,
mammography, pediatric radiology, and interventional radi-
ology. As stated in Table 1, residents found these areas to be
too stressful, not interesting, or relatively poorly
remunerated.
The aspects most important to residents for determining
further areas of subspecialty training are interesting work,
job availability, work hours and/or call schedule, and job
stability. Of lesser interest to the residents are income,
administrative and personality issues, research opportunities,
and minimizing radiation exposure. Perceptions of all of
these factors, whether desirable or otherwise, are subjective
and based on individual experiences of the resident. It can be
seen in programs with strong mentors that residents gravitate
to the area of subspecialty of their mentors. This may be
reflected by the top factor for residents, that of ‘‘interesting
work.’’
Job availability is identified by residents as the second
most important factor for determining fellowship training.Figure 11. Ten-year projected subspecialty shortages: radiology department
chairs (RDCs) vs residents.Given the current demand in all areas of practice currently
across Canada, it would seem that this gives residents great
freedom in determining where they want to work and in what
subspecialty area. This could then lead to areas of shortages
in ‘‘less desirable’’ areas, as described above, because there
is no pressure because of job restriction in ‘‘more desirable’’
areas. This places a greater responsibility for the staff in
subspecialty areas at greatest risk of manpower shortages to
inform residents about their subspecialty. It may be benefi-
cial to create information sessions and encourage mentorship
to further attract residents early on in their training to
subspecialty areas vulnerable to future shortages. In addition,
prefellowship incentives, such as a future staff position, may
also aid in encouraging residents to further pursue certain
fellowship training.
A further reflection on job availability, seen in Figures 9
and 10, shows that there are inconsistencies between the
perceptions of the RDCs and those of the residents. In most
cases of difference in perceived need, the residents’ estima-
tion is lower than the RDCs estimation. This was especiallyFigure 12. Percentage of residents receiving career counseling.
Figure 13. Resident assessment of career counseling.
Figure 14. The types of career counseling opportunities reported from the 18
residents who identified having career counseling as part of their training.
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greatly in more areas and to a greater degree for each.
Interestingly, the residents’ projections of current needs were
different from those reported by RDCs. This suggests
a contributing factor in shortages in the future as radiology
residents are potentially not informed of current job trends in
their own area of practice.
Causes of this variability in estimations may partially
reflect the information gathered from residents with respect
to career counseling. At the time of this survey, only 15% of
residents had received career counseling. Of that 15%, only
half of them thought that the counseling that they received
was in fact adequate. That is contrasted by the 92% of
respondents who thought that career counseling would beuseful to them. This certainly supports the need for career
counseling, both on an individual basis for the trainees and
on a group basis for all of radiology. Including career
counseling in training programs would help to give trainees
insight into their role in reducing underserviced subspecialty
areas.
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